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       The  problem  of  fresh  water  scarcity  is  becoming  a  global  issue,  due  to  rapid  urbanisation, 
population growth, water pollution, climate change and compounded effects. The incorporation of 
water reuse in upcoming urban water systems will not only satisfy a large part of water demand but 
also create a situation where wastewater treatment will be essential due to accountability towards the 
end users of water reuse. There are various technical and non-technical challenges towards the con-
ceptualisation and materialisation of water reuse for a sustainable urban water system. The selection 
of appropriate technologies for a specific urban settlement is one of the key challenges. A plethora of 
existing technologies, such as membrane assisted technologies, for wastewater treatment and reuse 
may pose difficulty in decision making. Decision makers, such as water authorities and industries, 
often come across a lot of information and facts for a variety of technologies and reuse concepts. A 
systematic analysis of available technologies and options is necessary in order to increase the 
chances of success in wastewater reuse projects. Multi-criteria analysis (MCA) is a decision making 
method for systematic appraisal of wastewater reuse technologies. In this research the MCA has been 
carried out for the ranking of candidate technologies, after incorporating all the factors in terms of 
numerical values. Eight membrane assisted technologies have been short-listed due to their suita-
bility under considered water reuse scenarios. Subsequently, most relevant technology selection 
criteria have been assessed. The MCA based ranking of candidate technologies provides a relative 
indication of the suitability of various membrane assisted water reuse technologies. It has been con-
cluded that a systematic and rigorous analysis of candidate technologies can help decision makers 
to compare various available technological options and select the best available option for a sustain-
able water reuse concept.                                                                                                                        .
       Water crisis referring to the scarcity of the world's 
fresh water resources relative to human demand is 
becoming one of the most important issues in the 
world. Among several principal manifestations of the 
water crisis, inadequate access to safe potable water 
and waste disposal, and scarcity of water for sanitation 
seems to be more critical. In 2008, 884 million people 
across the world did not have adequate access to safe 
water supplies [1], and statistics show that 3.575 mil-
lion people die each year from water-related diseases 
[2]. Due to the current growing population  trends, it 
has been projected that in coming decades, crowded 
urban settlements, generating heavy load of water 
pollutants to be handled within an urban water system, 
will form a large proportion of the habitable world. 
Furthermore, it is expected that by 2025 water with-
drawal for domestic, industrial, and livestock will in-
crease by at least 50% [3]. Therefore, the issue of the 
treatment and management of urban wastewater along 
with increasing water demand seems to be of important 
concern.                                                                        
       For a sustainable urban water system, conceptuali-
sation and materialisation of water reuse relates to 
various technical and non-technical challenges. One 
of the key challenges is the selection of appropriate 
 .
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technologies for a specific urban settlement, which is 
becoming more difficult, as numerous wastewater 
treatment and reuse technologies have been commer-
cialised in the last decades. Membrane assisted waste-
water treatment offers consistently high quality of 
treated effluent [4,5]. The membrane assisted water 
purification processes are expected to be among reli-
able systems for water reclamation in coming decades 
[6]. There are various membrane assisted wastewater 
treatment configurations, and all of them have their 
own advantages and disadvantages. The membrane 
processes are combined with physical, chemical and 
biological processes resulting in an efficient process 
configuration for a particular situation. Hence, it be-
comes necessary to establish a sound methodology to 
rationally compare and understand various membrane 
assisted wastewater treatment technologies                  
       Using a decision-making system through a multi-
criteria analysis (MCA), in order to choose the best 
technologies with different subjects, has been widely 
used in the past. Lahdelma et al. [7] represented a real-
life application of an ordinal multi-criteria method in 
the context of choosing a location for a waste treat-
ment facility near Lappeenranta in South-Eastern 
Finland. In another research, the issue of selecting an 
effective treatment of sewage sludge in wastewater 
treatments was considered by using software based on 
MCA [8]; Katukiza et al. [9] have described a tech-
nology selection method that was used for the selection 
.
TECHNOLOGY SELECTION AND 
METHODOLOGY
       Figure  1  illustrates  the  methodology  which  has 
been used to analyse the selection process of waste-
water treatment technologies. This process can be 
divided into two levels: candidate technology selec-
tion, and decision making analysis by means of MCA. 
The candidate technologies are short-listed by the 
experts, and usually there are several technologies that 
seem to be appropriate for a given scenario of water 
reuse.                                                                             
1. Technology Selection                                               
       Technology   selection   includes   identifying   the 
problems needed to be tackled, goals which should be 
considered, and the information and the standard for 
evaluating each technology. As the plethora of both 
technologies and data could pose difficulties; the aim 
.
.
T : iMBR (aerobic treatment + 1
microfiltration)   
T : iMBR (anoxic + aerobic 2
treatment + microfiltration)                   
T : AnMBR                                                                       3
T : Anaerobic treatment membrane 4
filtration                                      
T : MBR coupled with reverse 5
osmosis                            
T : Sequencing batch reactor plus 6
tertiary membrane filtration        
T : CEPT coupled with tertiary 7
membrane filtration        
T : Tertiary treatment with RO and 8
UV radiation     
Candidate
technologies
Problems based on the scenarios
Information for evaluating each 
technology based on the scenarios
Goals based on scenarios
Fig. 1. The methodology of selecting an appropriate technology for specific purposes. 
of appropriate sanitation solutions for urban slums. In 
this study, the main aims are to establish a method of 
ranking the water reuse criteria, to assign the different 
values of each criterion in different scenarios, and 
finally establish a methodology to find the best mem-
brane assisted wastewater treatment and reuse technol-
ogies for different scenarios of water reuse.                 .
Technology selection for water reuse
Appropriate technology in water reuse
Wastewater treatment technologies for water 
reuse
Multi-criteria analysis for decision making via 
pair-wise comparison method
Decision making via multi-criteria analysis
Social aspects
Technical aspects
Economical aspects
Step 1: Pair-wise comparison of the 
selected criteria
Step 2: Weighted multi criteria analysis
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is to reduce the number of technologies which seem to 
be less feasible, and eliminate the less important series 
of data in the next step. Eight different technologies 
were considered suitable under the assumed scenarios, 
and only half of the technologies would be appropriate 
under the scenario considering indirect potable water 
reuse. The configurations of these technologies are 
detailed in Table 1; some fundamental information 
regarding the technologies is provided below. Most of 
these technologies can be considered as membrane 
assisted technologies for water reuse due to the pres-
ence of membrane filtration as a robust barrier for 
pollutants removal.                                                       
2. Membrane    Assisted    Technology:    Membrane 
    Bioreactor                                                                
       Membrane   bioreactors   (MBR)   are   biological 
wastewater treatment processes which are considered 
as the alternative for conventional activated sludge 
processed (CASPs). MBR systems can be divided into 
two configurations; immersed MBR (iMBR) in which 
membrane compartment is submerged in the bioreactor 
[10]. The second compartment is side-stream MBR 
(sMBR). In the latter one, the membrane module is 
located outside the biological reactor. In this study, 
technologies 1, 2, 3, and 5 are considered as iMBRs 
(Table 1).                                                                       
       The MBR systems are comprised of two different 
compartments; biological treatment and membrane 
separation unit [10]. Biological compartments might 
include anaerobic, aerobic, and/or anoxic zones. These 
different configurations are designed to provide 
sufficient treatments according to the water reuse 
purposes. Biologically treated wastewater is then 
conducted to the second compartment and the water is 
filtered through a membrane unit.                                 
3. Membrane   Assisted   Technologies   for   Water 
    Reclamation and Reuse                                          
.
.
.
.
.
Table 1. The configuration of each wastewater treatment technology used in the study
Wastewater Treatment Technologies
T1
T2
T3
T4
T5
T6
T7
T8
Configuration
iMBR
iMBR
AnMBR
Anaerobic treatment membrane filtration
MBR coupled with reverse osmosis (RO)
CEPT coupled with tertiary membrane filtration
Tertiary treatment with RO and UV radiation
Description
Aerobic treatment + microfiltration
Anoxic + aerobic treatment + microfiltration
Anaerobic treatment + membrane filtration
Anaerobic fixed-bed + activated sludge + microfiltration
Primary treatment + MBR + RO
Primary sedimentation + SBR + UF + RO
Chemically enhanced primary treatment (CEPT) + UF + RO
Coagulation/flocculation + sand filtration + UF + RO + UV
Sequencing batch reactor coupled with
tertiary membrane filtration
3.1. Technology 1 (iMBR)                                            
       This technology is comprised of aerobic treatment 
and microfiltration (MF) or ultrafiltration (UF).
Aerobic treatment as a biological treatment depends on 
the presence of oxygen leads to nitrification. Filtration 
is the second part of this technology and is able to re-
move  contaminants  from  a  fluid.  A  typical  MF 
membrane pore size range is 0.1 to 10 µm and UF 
range is 0.001 to 0.1 µm [11].                                      
3.2. Technology 2 (iMBR)                                            
       As shown in Table 1, Technology 2 which is con-
sidered as an iMBR, includes an anoxic treatment and 
aerobic treatment plus MF. Anoxic part can be de-
scribed as the part without oxygen and is required for 
denitrification, the other parts of this technology is 
similar to Technology 1.                                               
3.3. Technology 3 (anaerobic MBR, AnMBR)             
       The biological part of this technology is anaerobic 
treatment in which the common electron acceptors 
especially oxygen and nitrate are absent. The cost of 
this treatment is lower than aerobic treatment and also 
by gas production, renewable energy will be provided. 
After biological part, the treated water goes through 
the membrane unit for separation of biomass. Mem-
brane module may be composed of either UF or MF. 
3.4. Technology   4   (anaerobic   treatment   membrane 
       filtration)                                                                
       This  technology  consists  of  up-flow  anaerobic 
fixed-bed, activated sludge and membrane filtration 
unit. Up-flow fixed-bed reactor can be cylindrical or 
rectangular form. In fixed-bed processes biomass is 
made to grow on filter support media. Chae et al. [4] 
reported that 85-96% COD and 83-94% TOC removals 
are achieved by using expended granular sludge bed 
(EGSB) which is coupled with membrane filtration. 
The second part of the system is activated sludge 
process which is a suspended growth process and uses 
.
 .
 .
.
 .
 .
 .
 .
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microorganisms, including bacteria, fungi, and proto-
zoa, to speed up decomposition of organic matter in 
the presence of oxygen. Membrane unit consists of MF 
which can remove the biomass.                                    
 
3.5. Technology   5   (MBR   coupled   with   reverse 
       osmosis, RO)                                                           
       A typical MBR combined with RO is used in this 
technology in order to produce high quality reusable 
water. Permeate of MBR is used as the feed water for 
RO. The RO unit is used for filtering dissolved solids 
such as non-biodegradable organic substances, nitrate 
and phosphorus that cannot be captured by MF in the 
MBR process. The RO is the tightest membrane with 
the pore size between 0.0001-0.001 µm. Membrane 
materials can be made from cellulose acetate and thin-
film composite. Tubular, spiral wound, plate and frame 
configurations might be used, and typical rate of flux 
-2 -1is between 320-490 L m  d  [11,12]. The MBR plus 
RO process is capable of meeting the requirements for 
reuse option in terms of turbidity, organic content, 
ammonia nitrate, hardness, Escherichia coli and 
viruses [5].                                                                    
3.6. Technology  6  (sequencing  batch  reactor  (SBR) 
       coupled with tertiary membrane filtration)             
       SBR is a fill-and-draw activated sludge process 
which handles equalization, aeration, and clarification 
in a single batch reactor [11]. It is possible to use more 
than one batch reactor following each other according 
to treatment purpose. Operation is accomplished in 
five stage filling-mixing-aeration/mixing-settling-
drainage. USEPA in 1999 reports that SBR is com-
parable to CASP as effluent quality and the cost of the 
two systems may be similar [13]. An SBR tank con-
sists of aeration and mixing device, a decanter, and a 
control system. Operation of membrane modules are 
relatively simple showing that UF after SBR provides 
acceptable water quality as coliform in all counts 
[14].                                                                               
3.7. Technology   7   (chemically   enhanced   primary 
       treatment (CEPT) for tertiary membrane filtration). 
       CEPT is the process by which wastewater with 
addition of metals, salts, polymers and/or other chemi-
cals to primary sedimentation basins. As the major 
consequence of coagulation and flocculation, chemi-
cals cause the suspended particles to clump together. 
The particle aggregates, then settles faster thereby 
enhancing treatment efficiency, and it can be measured 
as removal of solids, organic matter and nutrients from 
the wastewater [15]. The CEPT is used as a primary 
treatment for tertiary filtration. The treated water by 
CEPT has lower quality especially in terms of organic 
contents, while coagulation/flocculation is superior to 
primary treatment plus activated sludge in terms of 
phosphorous, energy consumption. The other parts 
have been explained in other technologies.                  
.
.
.
.
.
.
3.8. Technology 8 (tertiary treatment with RO and UV 
       radiation)                                                                 .
       This   technology   is   comprised   of   coagulation/
flocculation, sand filtration, UF, RO, and UV disinfec-
tion unit. Chemical treatment process is used to re-
move colloids with the sizes between 0.01 and 1 µm. 
Aluminium sulphate, ferrous sulphate, ferric sulphate, 
and ferric chloride are the most common chemicals 
used in the process. Then the chemically treated water 
goes through a sand filtration unit. Sand filtration unit 
encompasses filter media and gravel support in which 
water goes through a layer of gravel with layers of 
sand of decreasing coarseness above the gravel. 
Tertiary treated water is then taken to UF unit. As a 
final filtration step RO is employed. Then UV radia-
tion is used for disinfection which is a  
process and deactivates most viruses, spores, and cyst 
by impairing their genetic material by electromagnetic 
energy from a mercury arc lamp. The most important 
benefit for the system is no chemicals are used and as 
a result no chemicals or residues were left in the 
treated water [16]. System produces high quality of 
treated water which can be used in many reuse fields. 
4. MCA                                                                         
       MCA is a decision-making tool which can be used 
to make a comparative assessment of alternatives. The 
method is designed to help decision-makers to in-
tegrate the different options that they have and the 
situations that they are facing. In order to evaluate the 
alternatives, a model needs to be constructed based on 
the crucial factors as shown in Fig. 1. It is important to 
understand the considered conditions which can be 
called "scenarios".                                                         
4.1. Scenarios of water reuse                                         
       In this study, two different scenarios of centralized 
wastewater treatment and reuse have been considered.
       Scenario 1: The most appropriate treatment tech-
nologies for agricultural irrigation water in water-
stressed developing countries. In this scenario, the 
evaluation  is  conducted  according  to  the  WHO 
Microbiological guidelines for treated water reuse in 
agriculture. The WHO standards for agricultural irriga-
tion mostly pertain to the microbiological quality of 
the treated water. The guideline limit for faecal coli-
form bacteria in unrestricted irrigation is less than or 
3 -1equal to 10  faecal coliform bacteria 100 mL , 
whereas, for restricted irrigation it is determined to be 
5less than or equal to 10  faecal coliform bacteria 100 
-1mL  especially when adult farmworkers are likely to 
be exposed to spray irrigation. It is recommended that 
for both types of irrigation, nematode eggs should be 
-1less than 40.1 eggs L  [17]. The term "water stress" 
3 3can be defined as annual water supplies below 10  m  
-1person  [18]. Therefore, based on this internationally 
3 3accepted definition, water supplies are less than 10  m  
physiochemical 
.
.
.
.
.
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-1 -1person  yr  in both scenarios.                                       
       Scenario 2: The most appropriate treatment tech-
nologies for indirect potable water in water-stressed 
developing countries. A wide spectrum of technical 
and health issues must be considered especially for 
groundwater  recharge  with  reclaimed  municipal 
wastewater [19]. Implication of indirect potable reuse 
is much more complicated compared to the other reuse 
fields, as it might affect public health. Therefore, the 
most critical obstacle for its application is likely to be 
health consideration. Health considerations are asso-
ciated with pathogens and toxic chemicals that the 
reclaimed water may contain. The quality of treated 
water should meet the water quality standards. In that 
scenario, the WHO drinking water guideline has been 
considered [20].                                                             
4.2. Methods  for  the  comparison  and  ranking  of 
       criteria and technologies for reuse                          
4.2.1. Step-I:  Pair-wise  comparison  of  the  selected 
          criteria of water reuse                                           
.
.
.
.
       Total score for a row                  ,       , where n is 
the number of criteria
Table 2. Ranking system of the analytic process (adopted from Akash et al. [21])
Definition Explanation
1 Equal importance Two activities contribute equally to the objective
2 Weak or slight Intermediate value between 1 and 3
3 Moderate importance Experience and judgment slightly favour one activity over another
4 Moderate plus Intermediate value between 3 and 5
5 Strong importance Experience and judgement strongly favour one activity over another
6 Strong plus Intermediate value between 5 and 7
8 Very, very strong Intermediate value between 7 and 9
9 Extreme importance The highest possible order of affirmation
7 Very strong or demonstrated importance An activity is favoured very strongly over another; its dominance demonstrated in practice
Intensity of
 importance
Table 3. Pair-wise comparison between the criteria in the first step of the model (i: Row; j: Column)
Criteria C1 C2 C3 C4 C5 
Total score Weight
n
Ci, j
j 1
=TSi (W )i
1.00SUM = 45.12
0.50
3.00
2.00
3.00
1.00
0.25
5.00
0.33
1.00
0.33
0.33
6.00
1.00
3.00
0.50
0.17
1.00
0.17
0.20
0.33
1.00
6.00
3.00
4.00
2.00
C1
C2
C3
C4
C5
C : Water quality         1
C : Level of complexity    2
C : Infrastructure cost                3
C : Operational & Maintenance (O&M) cost          4
C : Community acceptance5
2.25
21.00
6.50
11.20
4.17
0.05
0.47
0.14
0.25
0.09
       In the first step the relevant criteria are selected 
according to the scenarios of water reuse. After se-
lecting, the criteria were relatively compared in a 
systematic manner, and finally relative weights were 
determined through pairwise comparison method 
based on water quality, social, technical, and economi-
cal aspects. The relative comparison based on the 
analytic hierarchy process is presented in Table 2; 
where number one represents equal importance of two 
criteria and number nine represents an absolute im-
portance of one criterion compared to the other one. 
The pair-wise comparison of criteria shown in Table 3
results in numerical values corresponding to rows (i) 
and columns (j):                                                             
       Matrix element: C , where criteria C  is compared i,j i
against C ; C  = 1/C  and for diagonal elements i = j    i i,j i,j
C  = C  = 1                                                                    i,j j,i
.
.
.
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       Sum  of  scores                              ,  where  n  is  the 
number of criteria
       Weight of a criterion 
4.2.2. Step-II: Demonstrating single-criteria pair-wise 
          comparison and weighted MCA of technologies 
       In  this  step,  two  types  of  technology  ranking 
methods have been demonstrated. Firstly, the technol-
ogies were ranked using pair-wise comparison as 
demonstrated in the previous section about the criteria 
comparison. In this case, only one criterion, based on 
various water quality indicators, has been assumed 
(Tables 4 and 5). For water reuse scenarios, the water 
quality is usually the criterion that is emphasised by 
water quality and public health experts. For the pair-
wise comparison of candidate technologies, individual 
technologies are compared with one another and the 
“better” technology is placed in the matrix elements; 
the “count” is estimated for the individual technologies 
in rows as:                                                                     
.
.
Table 4. Pair-wise comparison of technologies based on the effluent water quality in Scenario 1
Technologies
T1
T2
T3
T4
T5
T6
T7
T8
T1
*
T2
T1
T4
T5
T6
T7
T8
T2
T2
*
T2
T4
T5
T6
T7
T8
T3
T1
T2
*
T4
T5
T6
T7
T8
T4
T4
T4
T4
*
T5
T6
T7
T8
T5
T5
T5
T5
T5
*
T6
T7
T8
T6
T6
T6
T6
T6
T6
*
T7
T8
T7
T7
T7
T7
T7
T7
T7
*
T8
T8
T8
T8
T8
T8
T8
T8
T8
*
Count 
1
2
0
3
4
5
6
7
Rank 
7
6
8
5
4
3
2
1
T : iMBR (aerobic treatment + microfiltration)1
T : iMBR (anoxic + aerobic treatment + microfiltration)  2
T : AnMBR                                                                               3
T : Anaerobic treatment membrane filtration                                                        4
T : MBR coupled with reverse osmosis                                   5
T : Sequencing batch reactor plus tertiary membrane filtration                       6
T : CEPT coupled with tertiary membrane filtration               7
T : Tertiary treatment with RO and UV radiation      8
Table 5. Pair-wise comparison of technologies based on 
              the effluent water quality in Scenario 2
Technologies
T5
T6
T7
T8
T5
*
T6
T7
T8
T6
T6
*
T7
T8
T7
T7
T7
*
T8
T8
T8
T8
T8
*
Count 
0
1
2
3
Rank 
4
3
2
1
       Subsequently, the ranking is based on the counts 
of individual technologies. This method is based on 
single criterion. However, it is undeniable that the 
criteria in water reuse technology selection will be 
more than one; the values of the criteria are different 
and might vary in different situations. Next, multi-
criteria scoring matrix is prepared where technologies 
are assigned scores between 1 and 7, against each 
criterion (Tables 6 and 7). Finally, the selected technol-
ogies are assessed by using weighted MCA considering 
water quality, level of complexity, infrastructure cost, 
operation & maintenance cost (O&M), and community 
acceptance as the criteria.                                              
       Total score =             , where n is the number 
thof criteria and S  are the scores corresponding to i  i,j
throw and j  column.                                                        
.
.
       
.
The values adopted from pair-wise comparison of 
criteria (Table 3) were used in order to carry out the 
weighted MCA for each scenarios of wastewater reuse. 
The weights determined from the step-I are multiplied 
by values assigned to each technology based on differ-
ent criteria in the second step [21]. Then, the technol-
ogy obtaining the highest score would be the most 
appropriate technology (Tables 8 and 9).                      
RESULTS AND DISCUSSION
       As  mentioned  earlier,  two  scenarios  have  been 
considered the best treatment technologies for agricul-
tural irrigation water and indirect potable water. Based 
on specific conditions of water reuse, these two reuse 
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Table 6. Multi-criteria scoring matrix of technologies for agriculture irrigation water (Scenario 1)
All the scores assigned between 1 and 7 in which 1 and 7 are the lowest and highest values, respectively.
Technology Level of 
complexity
Infrastructure 
costs
Operational & maintenance 
(O&M) costs
Water 
quality
Community 
acceptance 
T1
T2
T3
T4
T5
T6
T7
T8
2.8
3.2
1.4
4.2
5.6
5.6
7.0
7.0
7.0
6.0
5.6
4.2
4.2
2.8
5.6
1.4
7.0
6.0
7.0
4.2
5.6
2.8
7.0
1.4
4.2
4.2
7.0
3.5
0.7
2.1
5.6
1.4
4.2
4.2
1.4
2.8
5.6
4.2
5.6
7.0
Multi-criteria scores 
Technology Level of 
complexity
Infrastructure 
costs
Operational & maintenance 
(O&M) costs
Water 
quality
Community 
acceptance 
T5
T6
T7
T8
1.75
3.50
5.25
7.00
5.25
3.50
7.00
1.75
5.25
3.50
7.00
1.75
1.75
5.25
7.00
3.50
5.25
1.75
3.50
7.00
Multi-criteria scores 
Table 7. Multi-criteria scoring matrix of technologies for indirect potable water (Scenario 2)
All the scores assigned between 1 and 7 in which 1 and 7 are the lowest and highest values, respectively.
Table 8. Ranking of the technologies in Scenario 1 considering the weight for each criterion
T1
T2
T3
T4
T5
T6
T7
T8
0.14
0.16
0.07
0.21
0.28
0.28
0.35
0.35
3.29
2.82
2.63
1.97
1.97
1.31
2.63
0.65
0.98
0.84
0.98
0.58
0.78
0.39
0.98
0.19
1.05
1.05
1.75
0.87
0.17
0.52
1.40
0.35
0.37
0.37
0.12
0.25
0.50
0.37
0.50
0.63
5.83
5.24
5.55
3.88
3.70
2.87
5.86
2.17
2
3
4
5
6
7
1
8
Weighted multi-criteria scores (W ·S ) j i,j
Technology Level of comp
lexity [0.47]
Infrastructure 
cost [0.14]
Operational & maintenance  
cost (O&M) [0.25]
Community 
acceptance [0.09]
Total 
score
Water quality 
[0.05] Rank
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purposes might provide different results; however, this 
study is considering general condition and situation in 
water-stressed developing countries. The degree of 
importance remains similar in both scenarios even in 
the case of water quality, which is more critical in the 
second scenario as indirect potable water would in-
volve better considerations for human health perspec-
tive. For the second scenario, only half of the candi-
date technologies have been used because T , T , T  1 2 3
and T  seem not to be appropriate for indirect potable 4
water, as they cannot meet the standard requirements 
from various available guidelines.                                .
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Table 9. Ranking of the technologies in Scenario 2 considering the weight for each criterion
Weighted multi-criteria scores (W ·S )j i,j
T5
T6
T7
T8
0.08
0.17
0.26
0.35
2.46
1.64
3.29
0.82
0.73
0.49
0.98
0.24
0.43
1.31
1.75
0.87
0.47
0.15
0.31
0.63
4.20
3.76
6.59
2.91
2
3
1
4
Technology Water quality
 [0.05]
Level of 
complexity [0.47]
Infrastructure 
cost [0.14]
Operational & maintenance  
cost (O&M) [0.25]
Community 
acceptance [0.09]
Total score
Rank
1. Criteria and Assigning Scores                               
       It is undeniable that the water quality is very im-
portant in the water reuse scenarios. However, in de-
veloping countries where financial sources are usually 
limited and technology expenses are problematic and 
challenging, the critical concern seems to be related 
with finances and investments required. Therefore, 
the criteria more correlated to cost appear to be of 
more importance than the other ones. Singhirunnusorn 
 [22] in their studies revealed that costs 
of land, construction, and O&M are the three major 
parameters which are included in the economic 
analysis. Infrastructure and O&M are associated with 
the total cost. Regular and uninterrupted O&M is 
essential in order to achieve satisfactory performance 
for which it is required to have skilled personnel [23], 
and it would be more expensive when a hired person 
is more qualified and experienced. In other words, the 
more complex systems are used, the higher costs and 
expenses will usually be paid. It should be mentioned 
that the level of complexity was considered mostly by 
operational simplicity and labour.                                
       In addition, as more complex systems might cause 
more difficulties in infrastructure and need to be con-
structed with more precision, it intensively affects 
infrastructure than O&M costs. Water quality also 
considerably depends on the complexity level. There-
fore, based on Table 3, the score of six, six, and five 
should be appropriate scores for the level of com-
plexity in pair-wise comparison to water quality, 
infrastructure, and O&M costs, respectively. Commu-
nity acceptance, which is much more related to socio-
cultural issues, is of significant importance. Although 
comparing community acceptance and other criteria 
appears difficult, there are direct correlations between 
them. For instance, highly complex technologies might 
lead people to trust these technologies and then people 
can rely on the effluent of those technologies, and vice 
versa. Therefore, when people do not totally trust a 
water treatment technology, they are not probably 
going to accept it, and consequently, they will not 
participate in utilization, operation, and maintenance. 
One can say that O&M cost is more strongly linked to 
.
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community acceptance. Although community accept-
ance is so important, as mentioned earlier, economic 
concerns are more taken into account of project 
decision-making  in  water-stressed  developing 
countries. Complexity level of technologies, infra-
structure and O&M costs are likely to get more scores 
than community acceptance.                                         
       In  a  developing  country,  as  soon  as  effluent 
reaches an acceptable level of standard for water 
quality, it would be adequate, as better quality will 
undoubtedly cost much higher. Therefore, among 
these criteria, water quality was considered as the least 
important priority once minimum has been met. 
Infrastructure and O&M costs are completely linked 
with each other; however, the latter seems to be of 
more significance, because infrastructure is carried out 
only one time, whereas, O&M continuously proceed. 
Therefore, three should be an appropriate value for 
O&M costs in pair-wise comparison with infrastruc-
ture costs. After considering all comparison in this 
step, level of complexity and water quality have the 
highest and lowest weights among the criteria with 
0.47 and 0.05, respectively (Table 3).                           
2. Multi-criteria Analysis for Water Reuse Systems
       In  the  second  step,  the  technologies  need  to  be 
evaluated similarly. The technologies were compared 
in pair regarding different criteria. Tables 4 and 5 
represent the comparison between the technologies 
regarding water quality for both scenarios based on the 
WHO guideline [17] and the research of Sperling and 
Chernicharo [24] regarding the effluent water quality 
of various wastewater treatment technologies. Among 
considered technologies tertiary treatment with RO 
and UV radiation (T8) has the highest effluent quality, 
while AnMBR (T ) in Scenario 1 and MBR coupled 3
with RO (T ) in Scenario 2 have the lowest water 5
quality. This type of pair wise comparison can be 
carried out for other criteria. In both scenarios, T  is 7
the best technology, followed by T , T , and T  in 1 2 3
Scenario 1, and T  in the second scenario (Tables 6 8
and 7).                                                                           
.
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3. Weighted Multi-criteria Analysis and Technology 
    Assessment                                                               
       As can be seen in Tables 8 and 9, the result of step 
2 is multiplied by the calculated weights for each 
criterion. The result shows that while the water quality 
of T  is higher than that of T , T  was ranked highest, 8 7 7
because CEPT plus UF and RO is providing high 
effluent quality, and it also has lower infrastructure 
and O&M costs compared to T . It is interesting that T  8 8
was ranked 4 and 7 in Scenarios 1 and 2, respectively, 
because of the high level of complexity and costs. In 
Scenario 1, both iMBR technologies can be taken as 
the second options; however, the water quality is lower 
than those of most considered technologies and in-
frastructure cost is higher. Technology 1, primary 
treatment plus MBR and RO, ranked as the second 
option with acceptable ratios of community acceptance 
and infrastructure costs, although again its effluent 
quality has only achieved the water quality standard. 
This result expresses that each criterion can affect the 
technologies, due to different situations, some criteria 
might more intensively impact technologies compared 
to others. The MCA used in this research seems to be 
useful in wastewater treatment technology selection in 
different scenarios. Further research in this area is 
needed incorporating more number of realistic criteria 
and even sub-criteria for each criterion in order to 
achieve the rational procedure development for tech-
nology selection in water reuse.                                   
 .
 .
CONCLUSIONS
       Due to the wide variety of existing technologies 
for wastewater treatment and reuse, decision making 
regarding technology selection has become more 
difficult. In order to carry out rational decision making 
in wastewater reuse scenarios, a systematic analysis 
of available technologies and options for wastewater 
reuse is needed. In this study, MCA has been used in 
order to select the most appropriate wastewater treat-
ment technologies for agricultural irrigation water 
(Scenario 1) and indirect potable water (Scenario 2) in 
developing countries. Eight membrane assisted waste-
water treatment technologies and five criteria have 
been considered. The best technologies must relatively 
be appropriate to all the criteria. However, based on 
the specific conditions, some criteria might be worth 
more than the others. Under the discussed situations 
of water reuse (Scenarios 1 and 2) the cost related 
factors play prime roles. Therefore, the level of com-
plexity, which is strongly linked with both the cost 
related criteria, has been evaluated as the most im-
portant criterion (0.47), while, water quality has the 
lowest weight (0.05) among the criteria. In both 
wastewater reuse scenarios, technology T  was found 7
to be the best technology, while the effluent quality of 
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